Hemoglobin (Hb) obtained from the hemolysate of normal subjects and diabetic patients was separated into HbA1a1, HbA1a2, HbA1b, HbA1c and HbA0 (major Hb) by Bio-Rex 70 cation exchange column chromatography. The glycosylated Hbs were further separated reproductively by cation exchange high performance liquid chromatography (HPLC), using 50mM sodium phosphate buffer pH 5.80 with 0-0.2M NaCl linear gradient system. HbA1b and HbA1c were separated into two subfractions (HbA1b1 and HbA1b2) and three subfractions (HbA1c1, HbA1c2, HbA1c3,), respectively.
Human adult erythrocytes contain several glycosylated hemoglobins (HbA1a, HbA1b and HbA1c) in addition to the major hemoglobin (HbA0) (Allen et al., 1958; Huisman and Meyering, 1960; McDonald et al., 1978) . The value of HbA1 or HbA1c is considered to be a useful indicator for long-term blood glucose control (Koenig et al., 1976; Gabbay et al., 1977) . Recently, it has been suggested that the pathogenesis of diabetic cataract was due to the glycosylation of lens crystallin (Stevens et al., 1978; Chiou et al., 1980; Chiou et al., 1981) and that of diabetic neuropathy was due to the glycosylation of nerve myelin (Fluckiger and Winterhalter, 1978) . However, the details remain unknown. and Amadori rearrangements (Holmquist and Schroeder, 1966; Bookchin and Gallop, 1968; Bunn et al., 1975) . In addition, although there is evidence that glucose is also linked to other sites on the hemoglobin molecule-such as the NH2 terminus of the a chain and certain lysine residues-these modified components cannot be separated by conventional chromatographic techniques (Gabbay et al., 1979; Shapiro et al., 1980) .
In the present study, we have attempted to separate further the glycosylated Hbs into subfractions by means of the cation exchange HPLC method and to study the correlation between each content of the subfractions and blood glucose levels in diabetic patients. The levels of glycosylated Hb subfractions were compared in patients with diabetic cataracts or with diabetic neuropathy, and in those without such complications.
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Results
The typical elution curve of glycosylated Hbs from a diabetic patient is shown compared with a normal control in Figure 1 . HbA1b and HbA1c fractions in both groups were clearly resolved into two (HbA1b1-2) and three (HbA1c1-3) subfractions respectively. They were confirmed on the same HPLC system using HbA1a, HbA1b and HbA1c. In Absorbance at 415nm addition, HbF was located between HbA1b2 and HbA1c1 on the elution curve of cord blood (data not shown). In the present study, however, there was no patient in whom the percentages of both HbA1b2 and HbA1c1 were markedly elevated. Table 1 shows the percentages of glycosylated Hbs in the diabetic patients and in the normal subjects. The percentages of HbA1 in the fasting and postprandial states of the diabetic patients were significantly higher than those of the normal subjects. The percentages of HbA1b and its subfractions in the diabetic patients were significantly more elevated than those in the normal subjects. The percentages of HbA1c and its subfractions except HbA1c1 in fasting and postprandial states were also higher than those of the normal subjects. However, although no significant difference in the percentages between fasting and postprandial states was observed in each group, it was probably due to the different patients examined in two states. p<0.01 (HbA1c2) r= 0.679 p<0.01 (HbA1c3), r=0.665 p<0.01 (HbA1). These results were quite similar to those observed in fasting blood samples. Table 3 demonstrates that HbA1b, HbA1c. and their subfractions (especially HbAlb1, and HbA1c2), as well as HbA1 in patients either with diabetic cataracts or with diabetic neuropathy, were almost the same as those of the patients without complications, although the subfractions in each of the three groups of the patients were markedly higher than those in normal subjects. 
Discussion
The present study firstly demonstrated that HbA1b was separated into two subfractions (HbA1b1 and HbA1b2) and HbA1c into three subfractions (HbA1c1, HbAic, and HbA1c3) by using TSK-GEL IEX 535 HPLC system. Therefore, it is evident that HbA1b and HbA1c are composed of complex components of glycosylated Hbs. These results are consistent with previous reports that glucose is linked to various sites on the hemoglobin molecule such as NH2 terminus of the a chain and lysine residues (Gabbay et al., 1979; Shapiro et al., 1980 ).
The correlation of the level of HbA1c with the degree of altered glucose control during the prior 1 to 3-month period has been well documented as assessed by a variety of methods (Koenig et al., 1976; Gabbay et al., 1977) . The present data show that HbA1b1, HbA1b2, HbA1c2, and HbA1c3 were significantly increased in diabetic patients.
Furthermore, the percentages of each subfraction in HbA1c as well as those of HbA1c correlated with the fasting blood glucose levels in the prior 0 to 4 months. The coefficients of correlation in HbA1e1, and HbA1c2 were almost the same and were higher than those in HbA1c3.
The percentages of HbA1b1 and HbA1b2 were elevated in the diabetic patients without significant correlation with the blood glucose levels. It has been suggested that the elevation in the HbAlb level might be partly due to the content of blood urea (Fluckiger et al., 1981) . However, since no patients with renal disease were included in the present study, it is conceivable that the percentage of HbA1b was increased by the effects of hyperglycemia, not by urea in the blood.
The present study disclosed the discrepancy between the correlation of the subfractions of HbA1c with blood glucose levels and that of the subfractions of HbA1b, suggesting that the kinetics of glycosylation 
